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PROBLEM TO BE SOLVED: To reduce the cell width of one bit and enhance 
the integration degree by using two magnetic layers of a closed magnetic 
circuit structure and regulating the length range of a generated 
magnetic field. 

SOLUTION: In this magnetic thin film memory device, a first magnetic 
layer of a closed magnetic circuit structure and a second magnetic layer 
of a closed magnetic circuit structure having coercive force higher than 
the first magnetic layer are layered via a non-magnetic layer. The 
first, second magnetic layer has an axis of easy magnetization in left 
turning or right turning, showing a different resistance value in 
accordance with a relative angle of directions of magnetization of the 
first, second magnetic layers. A current is supplied perpendicularly to 
film faces of the first, second magnetic layers, whereby a length of a 
current path where information is to be recorded by a generated magnetic 
field is set to be 0.05-2 Moreover, the current is supplied upward 
or downward perpendicularly to a film face of the magnetic thin film 
memory element beforehand, and a size of the current is set to generate 
the magnetic field larger than a magnetization inverted magnetic field 
of the second magnetic layer. 
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CLAIMS 



[Claim (s)] 

[Claim 1] Carry out the laminating of the 1st magnetic layer of closed 
magnetic circuit structure, and the 2nd magnetic layer of the closed 
magnetic circuit structure of having coercive force higher than said 1st 
magnetic layer, through a non-magnetic layer, and it changes. Said 1st 
and 2nd magnetic layer has an easy shaft left-handed rotation or in the 
clockwise direction. By whenever [ angular relation / of the 
magnetization direction of said 1st and 2nd magnetic layer ] The 
magnetic-thin-film memory device characterized by setting the die length 
of the current path which is the raagnetic-thin-f ilm memory device which 
has different resistance, supplies a current perpendicularly to the film 
surface of said 1st and 2nd magnetic layer, and records information by 
the field to generate to 0.05 micrometers or more and 2 micrometers or 
less. 

[Claim 2] For the field which touches said non-magnetic layer of said 
1st magnetic layer, the field of an opposite hand or the field which 
touches said non-magnetic layer of said 2nd magnetic layer is a 
magnetic-thin-film memory device according to claim 1 characterized by 
forming a good conductor layer with high conductivity, and constituting 
said current path from said 1st and 2nd magnetic layer at least in one 



side of the field of an opposite hand including said 1st and 2nd 
magnetic layer, a non-magnetic layer, and said good conductor layer. 
[Claim 3] The magnetic-thin-film memory device according to claim 1 
characterized by preparing the good conductor for current supply sources 
with conductivity higher than said 1st and 2nd magnetic layer in the 
abbreviation core of the film surface of said 1st and 2nd magnetic layer 
and said non-magnetic layer through an insulating layer to a film 
surface perpendicularly. 

[Claim 4] It is the approach of recording information on the magnetic- 
thin-film memory device of claim 1. Beforehand By setting up so that a 
current may be perpendicularly supplied facing up or downward to the 
film surface of said magnetic-thin-film memory device and a larger field 
than the flux reversal field of said 2nd magnetic layer may generate the 
magnitude of a current It is not concerned with recording information 
but the sense of magnetization of said 2nd magnetic layer is defined in 
the predetermined direction. Subsequently, according to recording 
information, a current is perpendicularly supplied facing up or downward 
to the film surface of said magnetic-thin-film memory device. And the 
information record approach characterized by recording information on 
said 1st magnetic layer according to the sense of the magnetization by 
setting up so that it may be larger than the flux reversal field of said 
1st magnetic layer and a field smaller than the flux reversal field of 
said 2nd magnetic layer may generate the magnitude of a current. 
[Claim 5] Carry out the laminating of the 1st magnetic layer of closed 
magnetic circuit structure, and the 2nd magnetic layer of the closed 
magnetic circuit structure of having coercive force higher than said 1st 
magnetic layer, through a non-magnetic layer, and it changes. Said 1st 
and 2nd magnetic layer has an easy shaft left-handed rotation or in the 
clockwise direction. By whenever [ angular relation / of the 
magnetization direction of said 1st and 2nd magnetic layer ] It is the 
approach of recording information on the magnetic-thin-film memory 
device which has different resistance. By setting up so that a current 
may be perpendicularly supplied facing up or downward according to 
recording information to the film surface of said memory device and a 
larger field than the flux reversal field of said 2nd magnetic layer may 
generate the magnitude of a current The information record approach 
characterized by recording information on said 2nd magnetic layer 
according to the sense of the magnetization. 

[Claim 6] Carry out the laminating of the 1st magnetic layer of closed 
magnetic circuit structure, and the 2nd magnetic layer of the closed 
magnetic circuit structure of having coercive force higher than said 1st 



magnetic layer, through a non-magnetic layer, and it changes. Said 1st 
and 2nd magnetic layer has an easy shaft left-handed rotation or in the 
clockwise direction. By whenever [ angular relation / of the 
magnetization direction of said 1st and 2nd magnetic layer ] Are the 
approach of reproducing the information recorded according to the sense 
of magnetization of said 2nd magnetic layer in the magnetic-thin-film 
memory device which has different resistance, and a current is 
perpendicularly supplied to the film surface of said magnetic-thin-film 
memory device. The information playback approach characterized by 
reproducing recording information by arranging magnetization of said 1st 
magnetic layer in the predetermined direction, initializing it, and 
measuring the resistance of said magnetic-thin-film memory device in 
this condition. 

[Claim 7] Carry out the laminating of the 1st magnetic layer of closed 
magnetic circuit structure, and the 2nd magnetic layer of the closed 
magnetic circuit structure of having coercive force higher than said 1st 
magnetic layer, through a non-magnetic layer, and it changes. Said 1st 
and 2nd magnetic layer has an easy shaft left-handed rotation or in the 
clockwise direction, and it has the resistance which changes with 
whenever [ angular relation / of the magnetization direction of said 1st 
and 2nd magnetic layer ]. It is the approach of reproducing the 
information on which magnetization of said 1st magnetic layer and 
magnetization of said 2nd magnetic layer were recorded according to the 
sense of magnetization of said 2nd magnetic layer in the magnetic-thin- 
film memory device put on parallel or the condition of anti-parallel in 
the condition that a field is not impressed. Measure the resistance of 
the introduction aforementioned magnetic-thin-film memory device, and 
then a current is perpendicularly supplied to the film surface of a 
magnetic-thin-f ilra memory device. The information playback approach 
characterized by reproducing recording information by measuring the 
resistance of said magnetic-thin-film memory device again, and measuring 
the resistance change in this case after making the orientation of the 
magnetization of said 1st magnetic layer carry out in the predetermined 
direction. 

[Claim 8] Carry out the laminating of the 1st magnetic layer of closed 
magnetic circuit structure, and the 2nd magnetic layer of the closed 
magnetic circuit structure of having coercive force higher than said 1st 
magnetic layer, through a non-magnetic layer, and it changes. Said 1st 
and 2nd magnetic layer has an easy shaft left-handed rotation or in the 
clockwise direction. By whenever [ angular relation / of the 
magnetization direction of said 1st and 2nd magnetic layer ] It is the 



approach of reproducing the information recorded according to the sense 
of magnetization of said 2nd magnetic layer in the magnetic-thin-film 
memory device which has different resistance. Supply a current to said 
2nd magnetic layer from one field, reverse magnetization of said 1st 
magnetic layer, and the resistance of said magnetic-thin-film memory 
device is measured. Subsequently, the information playback approach 
characterized by supplying a current to said memory device from a 
reverse field, reversing magnetization of said 1st magnetic layer, 
measuring the resistance of said magnetic-thin-f ilra memory device, and 
reproducing recording information based on obtained resistance change. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention records information with the 
sense of magnetization, and relates to the information record approach 
and the information playback approach using the magnetic-thin-film 
memory device and it which reproduce recording information using a 
magneto-resistive effect. 
[0002] 

[Description of the Prior Art] Conventionally, magnetic-thin-film memory 
is known as semiconductor memory and solid-state memory which does not 
have the migration section similarly. Even if the radiation with which 
information does not disappear even if a power source is intercepted and 
whose informational count of repeat rewriting is an infinity time 
carries out incidence of such magnetic-thin-film memory, it has many 
advantageous points as compared with semiconductor memory — there is no 
danger that information will disappear. Since a big output is obtained 
as compared with the magnetic-thin-f ilm memory using the conventional 
anisotropy magneto-resistive effect, especially the thin film MAG memory 
that used the huge magnetic-reluctance (GMR) effectiveness in recently 
attracts attention. 

[0003] for example, the Magnetics Society of Japan — as shown in 
drawing 8 , the solid-state memory which carried out the laminating of a 
hard magnetic film (HM), a nonmagnetic membrane (NM), the soft magnetism 
film (SM), and the nonmagnetic membrane (NM), and was used as the memory 
device is proposed by VOL. 20. P22 (1996). Sense line S combined with the 



metallic conductor like drawing 8 and word line W insulated with sense 
line S by the insulator layer I are prepared in this memory device, and 
information is written in it by the field generated according to the 
current of this word line W, and the current of sense line S. 
[0004] If it explains concretely, Current I is supplied to word line W, 
by generating the field of the direction which changes with sense ID of 
a current, flux reversal of the hard magnetic film HM will be performed, 
and record of a memory condition "0" and "1" will be performed. For 
example, if a forward current is supplied to word line W as shown in 
drawing 9 (a), the field of the right sense is generated like drawing 9 
(b), and "1" can be recorded on the hard magnetic film HM. Moreover, if 
a negative current is supplied to word line I like drawing 9 (c), a 
leftward field is generated like drawing 9 (d), and "0" can be recorded 
on the hard magnetic film HM. 

[0005] On the other hand, when reading information, a current smaller 
than the current at the time of record is supplied to word line W, and 
information is read by detecting a lifting and the resistance change in 
that case only for the flux reversal of the soft magnetism film SM. 
Since resistance differs by the case where it is the direction of the 
case where magnetization of the soft magnetism film SM and the hard 
magnetism film HM is this direction, and objection when giant magneto- 
resistance is used, the memory condition of "1" and "0" is distinguished 
by resistance change then produced. If the pulse which changes from 
forward to negative as shown in drawing 10 (a) is impressed, the 
magnetization direction of the soft magnetism film SM will change from 
the condition of the right sense of drawing 10 (b) to the leftward 
condition of drawing 10 (c), and, specifically, in the case of a memory 
condition "1", magnetization of the hard magnetic film HM and the soft 
magnetism film SM will change from resistance with magnetization of the 
hard magnetic film HM and the soft magnetism film SM small in this 
direction to the large resistance of an opposite direction. Moreover, in 
the case of a memory condition "1", it changes from large resistance to 
small resistance like drawing 10 (e) like drawing 10 (d). Therefore, by 
reading such a resistance value change, irrespective of the 
magnetization condition of the soft magnetism film SM after record, 
read-out of the information recorded on the hard magnetic film HM 
becomes possible, and destructive read can be performed. 
[0006] 

[Problem (s) to be Solved by the Invention] However, in the above- 
mentioned conventional thin film MAG memory, there was a problem that 
the magnetization direction of the magnetic layer which it becomes 



impossible to disregard the anti-field (self-demagnetizing field) 
produced inside a magnetic layer, and carries out record maintenance did 
not become settled in the fixed direction, but became instability, so 
that area of a bit eel was made small. Therefore, it was not fully able 
to be integrated highly by there being a limit in making a bit eel 
detailed. 

[0007] In view of the above-mentioned conventional trouble, this 
invention loses the effect of an anti-field of a magnetic film, and aims 
at offering the information record approach using the magnetic-thin-film 
memory device and it which can be integrated more highly, and the 
information playback approach. 
[0008] 

[Means for Solving the Problem] The object of this invention carries out 
the laminating of the 1st magnetic layer of closed magnetic circuit 
structure, and the 2nd magnetic layer of the closed magnetic circuit 
structure of having coercive force higher than said 1st magnetic layer, 
through a non-magnetic layer, and changes. Said 1st and 2nd magnetic 
layer has an easy shaft left-handed rotation or in the clockwise 
direction. By whenever [ angular relation / of the magnetization 
direction of said 1st and 2nd magnetic layer ] Are the magnetic-thin- 
film memory device which has different resistance, and a current is 
perpendicularly supplied to the film surface of said 1st and 2nd 
magnetic layer. It is attained by the magnetic-thin-film memory device 
characterized by setting the die length of the current path which 
records information by the field to generate to 0.05 micrometers or more 
and 2 micrometers or less. 

[0009] The object of this invention is the approach of recording 
information on the magnetic-thin-f ilm memory device of claim 1. By 

setting up so that a current may be perpendicularly supplied facing up 
or downward to the film surface of said magnetic-thin-film memory device 
and a larger field than the flux reversal field of said 2nd magnetic 
layer may generate the magnitude of a current beforehand It is not 
concerned with recording information but the sense of magnetization of 
said 2nd magnetic layer is defined in the predetermined direction. 
Subsequently, according to recording information, a current is 
perpendicularly supplied facing up or downward to the film surface of 
said magnetic-thin-film memory device. And by setting up so that it may 
be larger than the flux reversal field of said 1st magnetic layer and a 
field smaller than the flux reversal field of said 2nd magnetic layer 
may generate the magnitude of a current It is attained by the 
information record approach characterized by recording information on 



said 1st magnetic layer according to the sense of the magnetization. 
[0010] The object of this invention carries out the laminating of the 
1st magnetic layer of closed magnetic circuit structure, and the 2nd 
magnetic layer of the closed magnetic circuit structure of having 
coercive force higher than said 1st magnetic layer, through a non- 
magnetic layer, and changes. Said 1st and 2nd magnetic layer has an easy 
shaft left-handed rotation or in the clockwise direction. By whenever 
[ angular relation / of the magnetization direction of said 1st and 2nd 
magnetic layer ] It is the approach of recording information on the 
raagnetic-thin-f ilm memory device which has different resistance. By 
setting up so that a current may be perpendicularly supplied facing up 
or downward according to recording information to the film surface of 
said memory device and a larger field than the flux reversal field of 
said 2nd magnetic layer may generate the magnitude of a current It is 
attained by the information record approach characterized by recording 
information on said 2nd magnetic layer according to the sense of the 
magnetization. 

[0011] The object of this invention carries out the laminating of the 
1st magnetic layer of closed magnetic circuit structure, and the 2nd 
magnetic layer of the closed magnetic circuit structure of having 
coercive force higher than said 1st magnetic layer, through a non- 
magnetic layer, and changes. Said 1st and 2nd magnetic layer has an easy 
shaft left-handed rotation or in the clockwise direction. By whenever 
[ angular relation / of the magnetization direction of said 1st and 2nd 
magnetic layer ] Are the approach of reproducing the information 
recorded according to the sense of magnetization of said 2nd magnetic 
layer in the magnetic-thin-film memory device which has different 
resistance, and a current is perpendicularly supplied to the film 
surface of said magnetic-thin-film memory device. Magnetization of said 
1st magnetic layer is arranged in the predetermined direction, and is 
initialized, and it is attained by the information playback approach 
characterized by reproducing recording information by measuring the 
resistance of said raagnetic-thin-f ilm memory device in this condition. 
[0012] The object of this invention carries out the laminating of the 
1st magnetic layer of closed magnetic circuit structure, and the 2nd 
magnetic layer of the closed magnetic circuit structure of having 
coercive force higher than said 1st magnetic layer, through a non- 
magnetic layer, and changes. Said 1st and 2nd magnetic layer has an easy 
shaft left-handed rotation or in the clockwise direction, and it has the 
resistance which changes with whenever [ angular relation / of the 
magnetization direction of said 1st and 2nd magnetic layer ]. It is the 



approach of reproducing the information on which magnetization of said 
1st magnetic layer and magnetization of said 2nd magnetic layer were 
recorded according to the sense of magnetization of said 2nd magnetic 
layer in the magnetic-thin-film memory device put on parallel or the 
condition of anti-parallel in the condition that a field is not 
impressed. Measure the resistance of the introduction aforementioned 
magnetic-thin-film memory device, and then a current is perpendicularly 
supplied to the film surface of a magnetic-thin-film memory device. 
After making the orientation of the magnetization of said 1st magnetic 
layer carry out in the predetermined direction, it is attained by the 
information playback approach characterized by reproducing recording 
information by measuring the resistance of said magnet ic-thin-fi Ira 
memory device again, and measuring the resistance change in this case. 
[0013] The object of this invention carries out the laminating of the 
1st magnetic layer of closed magnetic circuit structure, and the 2nd 
magnetic layer of the closed magnetic circuit structure of having 
coercive force higher than said 1st magnetic layer, through a non- 
magnetic layer, and changes. Said 1st and 2nd magnetic layer has an easy 
shaft left-handed rotation or in the clockwise direction. By whenever 
[ angular relation / of the magnetization direction of said 1st and 2nd 
magnetic layer ] It is the approach of reproducing the information 
recorded according to the sense of magnetization of said 2nd magnetic 
layer in the magnetic-thin-film memory device which has different 
resistance. Supply a current to said 2nd magnetic layer from one field, 
reverse magnetization of said 1st magnetic layer, and the resistance of 
said magnetic-thin-film memory device is measured. Subsequently, it is 
attained by the information playback approach characterized by supplying 
a current to said memory device from a reverse field, reversing 
magnetization of said 1st magnetic layer, measuring the resistance of 
said magnetic-thin-film memory device, and reproducing recording 
information based on obtained resistance change. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of 
this invention is explained to a detail with reference to a drawing. 
Drawing 1 is drawing showing the configuration of 1 operation gestalt of 
the magnetic-thin-film memory device of this invention. In drawing 1 , 1 
is the cylinder-like 1st magnetic layer, and 2 is the cylinder-like 2nd 
magnetic layer. The non-magnetic layer 3 is formed between the 1st and 
2nd magnetic layer 1 and 2. The memory device of a 1-bit eel consists of 
the 1st and 2nd magnetic layer 1 and 2 of drawing 1 , and a non-magnetic 
layer 3. The 1st and 2nd magnetic layer 1 and 2 has an easy shaft left- 



handed rotation or in the clockwise direction, and is carrying out 
orientation of the magnetization annularly in accordance with the 
cylinder- like configuration. The arrow head of drawing 1 shows the 
magnetization direction in the 1st and 2nd magnetic layer 1 and 2. In 
addition, magnetization should just be carrying out orientation of the 
magnetic layer to the closed magnetic circuit not only with the shape of 
a cylinder but with structure with a square cross section. However, 
since columnar structure turns into most stable closed magnetic circuit 
structure, it is desirable. 

[0015] Moreover, this operation gestalt shows resistance with the 
resistance low when the magnetization direction of the 1st and 2nd 
magnetic layer 1 and 2 is this direction between the 1st and 2nd 
magnetic layer 1 and 2, and when the 1st and 2nd magnetization direction 
is an opposite direction, high resistance is shown with it. Thus, since 
the resistance of a memory device changes with magnetization directions 
of the 1st magnetic layer 1, magnetization information can be read using 
this. Moreover, "0" or "1" magnetization information is made to 
correspond 1st and 2nd in the clockwise direction [ of magnetic layers 1 
and 2 / of the magnetization direction / left-handed rotation or in the 
clockwise direction ], and is recorded. Namely, a current is supplied 
perpendicularly (the direction of t of drawing 1 ) facing up or downward 
to the film surface of the 1st and 2nd magnetic layer 1 and 2, and it 
carries out by reversing magnetization of the 1st magnetic layer 1 or 
the 2nd magnetic layer 2 by the field generated by this. About 
informational record and the informational playback approach, it 
mentions later in detail. With this operation gestalt, since the 1st and 
2nd magnetic layer 1 and 2 has closed magnetic circuit structure, the 
effect of an anti-field can be lost, it is stabilized, and magnetization 
information can be recorded. Therefore, a 1-bit cell size can be made 
small and a memory apparatus with a high degree of integration can be 
realized, and a leakage field does not leak to a contiguity eel further, 
it is stabilized, and record playback can be performed. 
[0016] Drawing 2 is drawing showing an example in the case of 
constituting as memory actually using the memory device of drawing 1 . 
In drawing 2 , first, on the semi-conductor substrate, the memory device 
which consists of the 1st and 2nd magnetic layers 1 and 2 and non- 
magnetic layer 3 is made into the transistor for actuation, and a pair, 
and is prepared. This semi-conductor substrate consists for example, of 
a p type semiconductor substrate, and the source and a drain field serve 
as a n-type semiconductor. Signal is for example, the source terminal of 
the transistor for actuation. Select is a gate terminal, and a memory 



device is electrically connected to a drain terminal. The opposite hand 
of a memory device is connected to VDD. VDD is supply voltage, by 
switching the polarity of VDD according to recording information, 
changes the sense of the current of a memory device and records "1" of 
magnetization information, and "0. " On a serai-conductor substrate, many 
memory devices and transistors for actuation are arranged in all 
directions, and are integrated as magnetic-thin-film memory of high 
integration. 

[0017] Here, with this operation gestalt, when recording information, 
the type of a memory device is divided into two by whether magnetization 
of the 1st magnetic layer 1 is reversed, or magnetization of the 2nd 
magnetic layer 2 is reversed. First, the 1st type is a configuration 
used as a memory layer (the 1st magnetic layer 1), a non-magnetic layer 
3, and a pin layer (the 2nd magnetic layer 2). This reverses the 1st 
magnetic layer 1 according to a record current by the case where the 
memory layer for saving magnetization information for the 1st magnetic 
layer 1 and the 2nd magnetic layer 2 are used as the pin layer for 
always keeping it constant also in the state of any at the time of 
playback at the time of record at the time of preservation, without 
depending for the magnetization direction on magnetization information. 
It carries out by absolute value detection, without performing reversal 
of a magnetic layer so that informational playback may be mentioned 
later. 

[0018] The 2nd type is a configuration used as a detection layer (the 
1st magnetic layer l), a non-magnetic layer 3, and a memory layer (the 
2nd magnetic layer 2), this reverses the 2nd magnetic layer 2 according 
to a record current by the case where the detection layer and the 2nd 
magnetic layer 2 which are reversed in order to carry out reading 
appearance of the 1st magnetic layer 1 and to sometimes carry out 
relative detection are used as the memory layer for saving magnetization 
information. Having coercive force with the 1st low magnetic layer 1 in 
any case, the 2nd magnetic layer 2 needs to have coercive force higher 
than the 1st magnetic layer 1. 

[0019] Next, the fully stabilized record is possible for the magnetic- 
thin-filra memory device of this operation gestalt by lengthening die- 
length t of the current path to which a record current flows, this — 
the 1st above-mentioned type and the 2nd type — in any case and any 
[ of the spin tunnel film configuration mentioned later. or a spin 
dispersion film configuration ] case, it is the same. Hereafter, the 
concrete configuration of a memory device is explained. First, in order 
to record information on a memory device, it is desirable still more 



desirable to generate the field more than at least 5 (Oe), and the field 
more than 10 (Oe) is good. This is because it is difficult to also make 
small coercive force of a magnetic-thin-film memory device, to stabilize 
it, and to hold recording information when a field is too small. 
Although what is necessary is just to pass many currents in order to 
acquire a big field, if electromigration will occur and it will become 
easy to disconnect wiring, if the limiting current density of a wiring 
material is exceeded, and a current value becomes large, the power 
consumption of a memory device will become large. 

[0020] the limiting current density of the tungsten wire which is the 
ingredient which has comparatively big limiting current density among 
the wiring materials used with a semiconductor device — 
20mA/micrometer2 it is . Moreover, a current desirable although the 
increment in power consumption, generation of heat of a device, etc. are 
suppressed is about 1mA or less. Here, drawing 3 uses the above tungsten 
wires as a cylinder-like conductor, and shows R and die length for the 
radius of a conductor as t. Drawing 4 shows relation with the field 
generated when a current is supplied to the radius R of the conductor of 
drawing 3 , and the longitudinal direction of a conductor. In addition, 
in drawing 4 , the generating field H is plotted to a radius R by making 
die-length t of a conductor into a parameter. Die-length t of a 
conductor may be 0. 01, 0. 03, 0. 05, 0. 1, 0. 2, and 0. 3 micrometers. 
[0021] Moreover, drawing 5 is die-length t of a conductor, and the 
maximum field Hmax. Relation is shown. In order to acquire the field 
more than 5 [ required for record ] (Oe) so that clearly from drawing 4 
and drawing 5 , die length of at least 0. 05 micrometers or more is 
required for die-length t of a current path. Moreover, it turns out that 
the range of the radius R of an available current path can be extended 
to record, so that drawing 4 may show and die-length t of a current path 
becomes long, and the margin on manufacture of a memory device becomes 
large. In order to generate the field 5 required for record (Oe) from 
the above result, die length of 0. 05 micrometers is required for die- 
length t of a current path, and its 0. 2 micrometers or more 0. 15 
micrometers or more 0. 1 micrometers or more are still more preferably 
good still more preferably preferably. Moreover, it becomes the cause of 
incorrect record [ record / accidentally / memory device / which will 
incline without a memory device becoming vertical to the semi-conductor 
substrate of membrane formation not only taking time amount but drawing 
2 since thickness will become thick if die-length / of a current path / 
t is lengthened not much, and adjoins ]. For this reason, die-length t 
of a current path has preferably still more preferably good 0.5 



micrometers or less 1 micrometer or less 2 micrometers or less. 
Therefore, as die-length [ of the current path of the memory device of 
drawing 1 ] t, it is good to be referred to as 0. 05 micrometers or more 
and 2 micrometers or less. 

[0022] Drawing 6 is drawing showing the 2nd operation gestalt of this 
invention. Although the current path at the time of record is formed 
with the operation gestalt of drawing 1 by the 1st magnetic layer 1, the 
non-magnetic layer 3, and the 2nd magnetic layer 2, the good conductor 4 
is further formed with this operation gestalt. That is, when thickness 
of the 1st and 2nd magnetic layer 1 and 2 cannot be thickened, the die 
length of a current path is secured by forming a good conductor 4. It 
records on the 1st and 2nd magnetic layer 1 and 2 by supplying a current 
perpendicularly at the memory device of drawing 6 , using what has 
conductivity higher than the 1st and 2nd magnetic layer 1 and 2 as a 
good conductor 4. A good conductor 4 may be formed in the field of an 
opposite hand with the field where the field of an opposite hand and the 
non-magnetic layer 3 of the 2nd magnetic layer 2 touch the field where a 
non-magnetic layer 3 touches among the end faces of the 1st magnetic 
layer 1, as shown in drawing 6 , or it may be prepared in one of fields. 
Thus, by forming a good conductor 4, the resistance loss of a memory 
device decreases and power consumption can be reduced. 
[0023] Drawing 7 is drawing showing the 3rd operation gestalt of this 
invention. With this operation gestalt, the conductor 5 for supplying a 
record current to the core of a memory device is formed. The conductor 5 
is covered with the insulator 6 and uses what has conductivity higher 
than the 1st and 2nd magnetic layer 1 and 2. The insulator 6 is formed 
in order for a conductor 5 to prevent contacting a magnetic layer and an 
electric target, but since the distance of a conductor 5 and each 
magnetic layer will become far and the field impressed to a magnetic 
layer will become small if the thickness of an insulator 6 is thick, the 
thinner one as much as possible is good. With this operation gestalt, 
since a current is not supplied to a magnetic layer at the time of 
record but a conductor 5 is supplied, resistance becomes small, and 
power consumption can be reduced, and it excels also in responsibility. 
[0024] Next, the concrete approach of recording information on a 
magnetic-thin-film memory device is explained. First, for recording 
information on a memory device, a current is perpendicularly supplied to 
the film surface of a memory device. That is, a current is supplied so 
that it may become vertical to the magnetization direction, by the field 
produced according to this current, the magnetization direction of a 
memory layer is determined and the information on "0" and "1" is 



recorded. In this case, since the sense of the magnetic field generated 
with the sense of the current to pass differs, if a current is supplied 
downward, for example from on a memory device, it will see from the 
upper part of a memory device, a field will occur in the direction of 
clockwise, and orientation of the magnetization will be carried out in 
the direction of clockwise. On the other hand, if a current is supplied 
upwards from under a memory device, it will see from the upper part of a 
memory device, a field will occur counter clockwise, and orientation of 
the magnetization will be carried out in the counter clockwise direction. 
[0025] the 1st type "a memory layer (the 1st magnetic layer 1), a non- 
magnetic layer 3, and a pin layer (the 2nd magnetic layer 2)" above when 
actually recording information, and the 2nd type — " (the record 
approaches differ in the detection layer (the 1st magnetic layer 1), the 
non-magnetic layer 3, and the memory layer (the 2nd magnetic layer 2)".) 
With the configuration of the 1st type, it is smaller than the flux 
reversal field of a pin layer (the 2nd magnetic layer 2) in the 
magnitude of the current to pass, and "0" or "1" information can be 
recorded on a memory layer (the 1st magnetic layer 1) according to the 
sense of the magnetization by setting up so that a larger field than the 
flux reversal field of a memory layer (the 1st magnetic layer 1) may be 
generated. Moreover, in the 2nd type, according to the sense of the 
magnetization, "0" or "1" information is recordable on a memory layer by 
setting up so that a larger field than the flux reversal field of a 
memory layer (the 2nd magnetic layer 2) may generate the magnitude of 
the current to pass. 

[0026] Next, the concrete approach of reproducing the recording 
information of magnetic-thin-film memory is explained. First, 
informational playback supplies a current perpendicularly to the film 
surface of a memory device in order of the order of the 1st magnetic 
layer 1, a non-magnetic layer 3, and the 2nd magnetic layer 2 or the 2nd 
magnetic layer 2, a non-magnetic layer 3, and the 1st magnetic layer 1. 
And the magnetization information on "0" and "1" is detected by 
measuring the resistance between the 1st magnetic layer 1 of a memory 
device, and the 2nd magnetic layer 2. That is, when the magnetization 
direction of the 1st magnetic layer 1 and the 2nd magnetic layer 2 is 
this direction, the resistance between the 1st and 2nd magnetic layer is 
small, and since resistance is large, in the case of an opposite 
direction, information is distinguished by the difference in this 
resistance. Or a current is horizontally supplied to the film surface of 
a memory device, and the difference in resistance is detected similarly. 
[0027] Moreover, the read-out approaches differ by the 1st type and 2nd 



type of a memory device. First, in the 1st type, the current smaller 
than the time of record for reading is perpendicularly supplied to the 
film surface of a memory device, and it measures the resistance between 
the 1st and 2nd magnetic layer 1 and 2. In this case, since it is fixed, 
corresponding to the magnetization direction recorded on the 1st 
magnetic layer 1, the resistance between the 1st and 2nd magnetic layer 
1 and 2 changes, and magnetization of the 2nd magnetic layer 2 
reproduces recording information with that resistance. In addition, it 
is unnecessary in the flux reversal of a magnetic layer in this case. 
[0028] On the other hand, in the 2nd type, there are the three 
approaches of reading. First, a current is perpendicularly supplied to 
the film surface of a memory device, and one reverses a detection layer 
(the 1st magnetic layer), and it arranges magnetization in the fixed 
direction and initializes it. Subsequently, the weak current for reading 
which is extent which a detection layer does not reverse is 
perpendicularly supplied to the film surface of a memory device, and the 
resistance between the 1st and 2nd magnetic layer 1 and 2 is measured. 
This approach has the small coercive force of a detection layer, and is 
effective to a component in which that magnetization is carrying out 
orientation at random. 

[0029] First, another measures the resistance of a memory device first, 
then supplies a current perpendicularly at the film surface of a memory 
device, makes the orientation of the magnetization of a detection layer 
carry out in the predetermined direction, and measures the resistance of 
a memory device further. The magnetization information on a memory 
device is detectable by whether there is any change of the resistance in 
this case, or there is nothing. By this approach, after record is 
completed, the magnetization direction of a detection layer and a memory 
layer is set up, as it has the decided relation. For example, let the 
resistance first measured as a detection layer and a memory layer are 
magnetic interactions and become stable [ a parallel magnetization 
condition ] be the resistance of a parallel magnetization condition. 
This is attained by making thickness of a non-magnetic layer into lOA - 
about 20A thickness for example, in a spin tunnel mold. 
[0030] The last one supplies a current perpendicularly from one 
direction to a film surface at a memory device, and it reads the 
resistance change between the 1st and 2nd magnetic layer 1 and 2. Next, 
with the direction of previous, a current is supplied to an opposite 
direction at a memory device, the resistance change between the 1st and 
2nd magnetic layer 1 and 2 is read, and recording information is 
distinguished by obtained resistance change. Magnitude of a current is 



made into the current which reverses only a detection layer. Moreover, 
it is required to make it not reversed [ a memory layer (the 2nd 
magnetic layer) ] in [ any ] an approach. 

[0031] CPP (Current Perpendicular to the film Plane) -MR which passes a 
current vertically to a film surface with this operation gestalt at the 
time of playback as mentioned above (Magneto-Resistance) Effectiveness 
or the CIF (Current In-Plane to the film Plane) -MR effectiveness of 
passing a current to parallel at a film surface is used. In addition, 
the current passed at right angles to a film surface by **** in order to 
define the magnetization direction of a magnetic layer, and the current 
passed in order to measure the resistance of a memory device take the 
same current path in the memory device shown in drawing 1 and drawing 6 , 
[0032] Moreover, with the configuration of the memory device shown in 
drawing 7 , the current to which the current which defines the 
magnetization direction measures a sink and resistance to a conductor 5 
is passed between the 1st magnetic layer 1 and the 2nd magnetic layer 2. 
The optimal operation gestalt in this case is shown in drawing 11 and 
drawing 12 as 4th and 5th operation gestalt, respectively. With this 
configuration, although drawing 11 shows the sectional view of the 
memory device of the 4th operation gestalt, when defining the 
magnetization direction, it establishes the potential difference among 
conductors 71 and 72, and passes a current to a conductor 5. When 
measuring the resistance of a memory device, a current is passed between 
the electrodes 61 and 63 which consist of a conductor prepared in the 
top face of the 1st magnetic layer 1, and the electrodes 62 and 64 which 
consist of a conductor prepared in the underside of the 2nd magnetic 
layer 2. This is the case of CPP detection, and when detecting the 
component of both the types of the spin tunnel mentioned later and spin 
dispersion, it is used. 

[0033] Although the sectional view of the memory device of the 5th 
operation gestalt is shown, with this configuration, the configuration 
of drawing 12 has deleted the electrodes 62 and 64 of drawing 11 , and 
when measuring resistance, it passes a current to an electrode 61 and an 
electrode 63. In this case, it is CIP detection, and it is used when 
detecting the component of the type of spin dispersion mentioned later. 
The component of spin dispersion has the thin thickness of a magnetic 
layer, and is good to use CIP detection desirably in CPP detection, 
since resistance is small. 

[0034] Next, the ingredients and those thickness of the 1st and 2nd 
magnetic layer of a magnetic-thin-film memory device and a non-magnetic 
layer are explained. Here, as a memory device film configuration, a spin 



tunnel film configuration and a spin dispersion film configuration can 
be taken, and this can be applied to any configuration of "the memory 
layer / non-magnetic layer / pin layer" of the 1st above-mentioned type, 
and "the detection layer / non-magnetic layer / memory layer" of the 2nd 
type. However, it is desirable to use a spin tunnel film configuration 
with a spin tunnel film configuration and a spin dispersion film 
configuration. This is for obtaining a big magnetic-reluctance (MR) 
ratio with a spin tunnel film configuration, and being able to enlarge 
more than Ikohm and resistance for the resistance, and being hard to be 
influenced of dispersion in the on resistance (about 1 about k ohms) of 
a solid-state-switching component. Moreover, although it is employable 
as drawing 1 , drawing 6 , and any operation gestalt of drawing 7 since 
the spin tunnel film can make a magnetic film comparatively thick so 
that it may mention later, as for the spin dispersion film, it is 
desirable to use the thickness of all magnetic layers and a non-magnetic 
layer for drawing 6 or the operation gestalt of drawing 7 , since it is 
difficult for 0. 05 micrometers or more to thicken. 

[0035] As for the 1st magnetic layer and the 2nd magnetic layer, it is 
desirable to use as an amorphous alloy of nickel, Fe, and Co which uses 
CoFe as a principal component at least, using a kind as a principal 
component. For example, it consists of magnetic films, such as NiFe, 
NiFeCo, Fe, FeCo, Co, and CoFeB. 

[0036] (Ingredient of the 1st magnetic layer) The 1st magnetic layer has 
coercive force lower than the 2nd magnetic layer. For this reason, the 
soft magnetism film which contains nickel in the 1st magnetic layer is 
desirable, and it is especially specifically desirable to use NiFe and 
NiFeCo as a principal component. Moreover, the low amorphous magnetic 
film of coercive force, such as a magnetic film with many Fe 
presentations at FeCo and CoFeB, is sufficient. 

[0037] the case where the atomic composition ratio of NiFeCo sets to 
NixFeyCoz ~ x — 95 or less [ 40 or more ] and y — 40 or less [ 0 or 
more ] and z — 50 or less [ 0 or more ] — desirable — x — as for 25 
or less [ 10 or more ] and z, 30 or less [ 0 or more ] are [ x / 85 or 
less / 60 or more / and y ] still more preferably good [ 90 or less / 50 
or more and y / 30 or less / 0 or more / and z / 40 or less / 0 or more 
/. 

[0038] Moreover, the atomic composition of FeCo is FexCo 100-x. As for x, 

90 or less [ 60 or more ] are [ x / 100 or less / 50 or more ] 
preferably good, when it carries out. Moreover, the atomic composition 
of CoFeB is 100 (Cox Fe 100-x) -y By. When it carries out, as for 93 or 
less [ 86 or more ] and y, 25 or less [ 10 or more ] are [ x ] good. 



[0039] (Ingredient of the 2nd magnetic layer) The 2nd magnetic layer has 
coercive force higher than the 1st magnetic layer. The magnetic film 
which contains many Co(es) as an example as compared with the 1st 
magnetic layer is desirable. NixFeyCoz — respectively — an atomic 
composition ratio — it is — x — 40 or less [ 0 or more ] and y — 50 
or less [ 0 or more ] and z — 95 or less [ 20 or more ] — desirable — 
X — as for 30 or less [ 10 or more ] and z, 85 or less [ 50 or more ] 
are [ x / 20 or less / 5 or more / and y ] still more preferably good 
[ 30 or less / 0 or more / and y / 40 or less / 5 or more / and z / 90 
or less / 40 or more ]. FexCo 100-x It is an atomic composition ratio 
and, as for x, 50 or less [ 0 or more ] are good. Moreover, alloying 
elements, such as Pt, may be added to the 2nd magnetic layer for the 
object, such as **** of coercive force, and corrosion resistance 
improvement. 

[0040] In case a current is perpendicularly supplied to a film surface 
at the time of playback, it is made for electronic tunneling to occur 
from the 1st magnetic layer 1 to the 2nd magnetic layer 2 using an 
insulating layer thin as the 1st and 2nd magnetic layer 1 and a non- 
magnetic layer 3 between two in a spin tunnel film configuration. If the 
ferromagnetic tunnel junction which the electronic states of the upward 
spin in a Fermi surface and downward spin differ, and such a magnetic- 
thin-film memory device of a spin tunnel mold becomes from a 
ferromagnetic, an insulator, and a ferromagnetic using such a 
ferromagnetic metal since conduction electron has started spin 
polarization in the ferromagnetic metal is formed, in order to tunnel 
conduction electron, with the spin maintained, according to the 
magnetization condition of both the magnetic layers 1 and 2, a tunnel 
probability changes, it will serve as change of tunnel resistance and it 
will appear. Thereby, when the magnetization direction of the 1st 
magnetic layer 1 and the 2nd magnetic layer 2 is this direction, 
resistance between the 1st and 2nd magnetic layer 1 and 2 is small, and 
resistance becomes large when the magnetization direction of the 1st 
magnetic layer 1 and the 2nd magnetic layer 2 is an opposite direction. 
[0041] Since, as for this resistance, the one where the difference of 
the density of states of upward spin and downward spin is larger becomes 
large and a bigger regenerative signal is acquired, as for the 1st 
magnetic layer 1 and the 2nd magnetic layer 2, it is desirable to use a 
magnetic material with the high rate of spin polarization. The 1st 
magnetic layer 1 and the 2nd magnetic layer 2 select Fe with the large 
amount of polarization of the vertical spin in a Fermi surface, and, 
specifically, select Co as the 2nd component. It is desirable to choose 



Fe, Co, and nickel from the ingredient used as the principal component, 
and to more specifically use them. Preferably, Fe, Co, FeCo, NiFe, 
NiFeCo, etc. are good. Specifically, Fe, Co, nickel72Fe28, nickel51Fe49, 
nickel42Fe58, nickel25Fe75, and nickel9 Fe91 grade are mentioned. 
Furthermore, the 1st magnetic layer 1 has NiFe, NiFeCo, more desirable 
Fe, etc. , in order to make coercive force small, and in order to enlarge 
coercive force, the ingredient which uses Co as a principal component is 
desirable [ the magnetic layer / the 2nd magnetic layer 2 ]. 
[0042] Next, the thickness of the 1st magnetic layer 1 of a magnetic- 
thin-film memory device and the 2nd magnetic layer 2 exceeds lOOA, and 
it is desirable that it is 5000A or less. When this uses [ 1st ] an 
oxide for a non-magnetic layer 3, the magnetism of the interface by the 
side of the non-magnetic layer of a magnetic layer becomes weaker under 
the effect of an oxide, and a large thing is mentioned when this effect 
of thickness is thin. It is because several IDA of aluminum remains when 
introducing oxygen, oxidizing it and creating after forming aluminum for 
the non-magnetic layer of an aluminum oxide, a magnetic layer becomes 
large when this effect is lOOA or less, and a suitable memory property 
is not acquired [ 2nd ]. When a memory device is made detailed to 
especially submicron one the 3rd, the memory maintenance engine 
performance of the 1st magnetic layer 1 is because the maintenance 
function of fixed magnetization of the 2nd magnetic layer 2 declines 
again. Moreover, since there are problems, like the resistance of a eel 
becomes large too much when too thick, 5000A or less is desirable and 
lOOOA or less is more desirably good. 

[0043] Next, if the ingredient of a non-magnetic layer 3 is explained, 
first, the magneto-resistive effect by spin tunneling is used, and a 
non-magnetic layer 3 must be an insulating layer, in order that an 
electron may hold and tunnel spin. All of non-magnetic layers 3 may be 
insulating layers, or the part may be an insulating layer. By making a 
part into an insulating layer and making the thickness into the minimum, 
a magneto-resistive effect can be heightened further. Moreover, as an 
example made into the oxidizing zone which oxidized the non-magnetic 
metal film as a non-magnetic layer 3, some aluminum film is oxidized in 
air and it is aluminum 203. The example which forms a layer is given, a 
non-magnetic layer 3 — from an insulator — becoming — desirable 
aluminum-oxide AlOx, alumimium nitride AlNx, silicon oxide SiOx, and 
silicon nitride SiNx it is ~ a thing is desirable. Moreover, NiOx It is 
good also as a principal component. This is NiOx, although it is 
required for the suitable potential barrier for the energy of the 
conduction electron of the 1st magnetic layer 1 and the 2nd magnetic 



layer 2 to exist in order for a spin tunnel to occur. It is because it 
is comparatively easy to obtain this barrier and a manufacture top also 
has it, when considering as a principal component. [ advantageous ] 
[0044] Moreover, as thickness of a non-magnetic layer 3, it is about 
several lOA uniform layer, and, as for the thickness of the insulating 
part, it is desirable that it is [ 5A or more ] 30A or less. That is, 
when it is less than 5A, it is because the 1st magnetic layer 1 and 2nd 
magnetic layer 2 may short-circuit electrically, and is because 
electronic tunneling will stop being able to occur easily if it exceeds 
30A. Furthermore, 4A or more 25A or less is desirably good, and 6A or 
more 18A or less is more desirably good. 

[0045] Next, in a spin dispersion film configuration, in order to 
acquire the magneto-resistive effect by this spin dependence dispersion 
using the magneto-resistive effect produced by spin dependence 
dispersion, it is good to use the metal layer which consists of a good 
conductor as a non-magnetic layer 3; The magneto-resistive effect by 
this spin dependence dispersion originates in dispersion of conduction 
electron changing greatly with spin. Namely, although resistance becomes 
small since the conduction electron with the spin of magnetization and 
the same direction is seldom scattered about, as for the conduction 
electron with the spin of magnetization and the reverse sense, 
resistance becomes large by dispersion. Therefore, when magnetization of 
the 1st magnetic layer 1 and the 2nd magnetic layer 2 is the reverse 
sense, it becomes larger than the resistance in the case of being the 
same direction. 

[0046] The 1st magnetic layer 1 in a spin dependence dispersion film 
configuration, the 2nd magnetic layer 2, and a non-magnetic layer 3 are 
explained. First, the 1st magnetic layer 1 is for reading the 
magnetization information saved at the 2nd magnetic layer 2 using giant 
magneto-resistance while forming the 2nd magnetic layer 2 and annular 
loop formation. As for the 1st magnetic layer 1, it is desirable to use 
as an amorphous alloy which uses Co and Fe as a principal component, 
using nickel, Fe, and Co as a principal component. For example, magnetic 
films, such as NiFe, NiFeCo, FeCo, and CoFeB, are mentioned. Moreover, 
the amorphous magnetic substance, such as CoFeB with the presentation of 
Co84Fe nine B7 and Co72Fe8 B20 grade, may be used. 
[0047] The 2nd magnetic layer 2 is a magnetic layer for mainly saving 
magnetization information, and the sense of magnetization is determined 
according to "0" or "1" information. The 2nd magnetic layer 2 needs that 
giant magneto-resistance occurs efficiently as well as the 1st magnetic 
layer 1, and to be able to save a magnetization condition at stability. 



Magnetic films, such as Fe, FeCo, and Co, are used as the 2nd magnetic 
layer 2, using the magnetic layer which uses Fe and Co as a principal 
component. Moreover, alloying elements, such as Pt, may be added. Since 
coercive force will become small if Fe is added to Co, and coercive 
force will become large if Pt is added, it is the 2nd magnetic layer 2 
For example, ColOO-x-y Fex Pty It can carry out, elementary composition 
X and y can be adjusted, and coercive force can also be controlled. The 
coercive force of the 1st magnetic layer 1 can be similarly adjusted in 
the amount of alloying elements, such as a presentation ratio of Fe and 
Co, and Pt. 

[0048] The thickness of the 1st magnetic layer 1 needs to set up so that 
the giant magneto-resistance of a dispersion mold may occur efficiently. 
The distance which saves the sense of spin and can move by CPP-MR, i. e. , 
spin diffusion length, serves as an important factor. If the thickness 
of the 1st magnetic layer 1 becomes large substantially from an 
electronic mean free path, since the effectiveness will specifically 
fade in response to phonon dispersion, it is desirable that it is at 
least 200A or less. Furthermore, 150A or less is preferably good. 
However, since the resistance of a eel becomes small, and a 
regenerative-signal output decreases and it becomes impossible to hold 
magnetization when too thin, 20A or more is desirable and 80 moreA or 
more is desirable. 

[0049] It is required to set up so that the giant magneto-resistance of 
a dispersion mold may occur efficiently like [ the thickness of the 2nd 
magnetic layer 2 ] the case of the 1st magnetic layer 1, and it is 
desirable that it is at least 200A or less. Furthermore, 150A or less is 
preferably good. However, since the memory maintenance engine 
performance deteriorates, a regenerative-signal output decreases, the 
resistance of a eel becomes small and it becomes impossible to hold 
magnetization when too not much thin, 20A or more is desirable and 80 
moreA or more is desirable. 

[0050] Since near and adhesion also have a magnetic layer and good Fermi 
energy level, when the magnetization direction changes consisting of a 
good conductor and using Cu as a principal component preferably, the 
non-magnetic layer 3 is convenient although a big magnetic-reluctance 
ratio is obtained that it is easy to produce resistance in an interface. 
Moreover, as for the thickness of a non-magnetic layer 3, it is 
desirable that it is [ 5A or more ] 60A or less. Moreover, since a 
magnetic-reluctance ratio will become high, and a higher S/N ratio is 
obtained, it is [ be / it / if / it prepares with the magnetic layer 
which uses Co as a principal component between the 1st magnetic layer 1 



and non-magnetic layer 3, between the 2nd magnetic layer 2 and non- 
magnetic layer 3 or between the 1st magnetic layer 1 and non-magnetic 
layer 3, and between the 2nd magnetic layer 2 and non-magnetic layer 
3, ] desirable. Its 20A or less is desirable, and in order for the 
thickness of the layer which uses Co in this case as a principal 
component to demonstrate effectiveness, its 5A or more is desirable. 
Moreover, in order to raise S/N, the laminating of this unit may be 
carried out for the 1st 2/non-magnetic layer 3 of 2nd magnetic layer of 
3/of 1 /non-magnetic layers of magnetic layers as one unit. Although its 
MR ratio becomes large and is so desirable that there are many groups 
which carry out a laminating, since MR magnetic layer becomes thick and 
needs many currents when it is made [ many / not much ], the count of a 
laminating is still more preferably good 40 or less sets of to prepare 
in about 3-20 sets. 

[0051] Since coercive force will become small if control of the coercive 
force of the 1st and 2nd magnetic layer 1 and 2 adds Fe to Co, and 
coercive force will become large if Pt is added, it is ColOQ-x-y Fex Fty, 
for example. What is necessary is to carry out, to adjust elementary 
composition x and y, and just to control coercive force. Moreover, since 
coercive force can be heightened also by making high substrate 
temperature at the time of membrane formation, the substrate temperature 
at the time of membrane formation may be adjusted as the control 
approach of another coercive force. This approach and the method of 
adjusting the presentation of the ferromagnetic thin film mentioned 
above may be combined. 

[0052] In addition, without restricting to the configuration of drawing 
1 , drawing 6 , and drawing 7 , this invention prepares an 
antiferromagnetism layer in contact with the non-magnetic layer 3 of the 
2nd magnetic layer 2, and the field of an opposite hand, and this 
antiferromagnetism layer and 2nd magnetic layer 2 may carry out switched 
connection of it, and it may fix magnetization of the 2nd magnetic layer 
2. Switched connection with an antiferromagnetism layer enables it to 
enlarge coercive force of the 2nd magnetic layer 2. In this case, since 
it is also possible to use the same ingredient as the 1st magnetic layer 
1 and 2nd magnetic layer 2, in order to enlarge coercive force, it has 
not said that MR ratio is sacrificed and the width of face of selection 
of an ingredient spreads. As an antiferromagnetism layer, nickel oxide 
NiO, iron manganese FeMn, cobalt oxide CoO, etc. can be used. 
[0053] Next, record of the information on a memory device is performed 
by generating a larger field than the flux reversal field (coercive 
force) of a memory layer according to a record current as above- 



mentioned. Therefore, it depends for a field required for record on the 
coercive force of a memory layer. Hereafter, in order to investigate the 
magnitude of a field required for record, the invention-in-this- 
application person produced the memory device with the memory layer from 
which coercive force differs, and tried the assessment experiment. 
[0054] With the configuration of the memory device shown in drawing 7 , 
it produced 100 coercive force of a memory layer at a time for the 
memory cell which serves as the conductor 5 with a diameter of 0. 12 
micrometers from a NiFe detection layer / AlOx/Co memory layer with a 
bore [ of 0.14 micrometers ], and an outer diameter of 0.30 micrometers 
respectively as 2, 4, 5, 10, and 12 (Oe). Record of "0" or "1" was 
performed to these memory cells. The magnitude of the field generated 
from the current passed on a write-in line was almost equal to the 
coercive force of a memory layer, or was made into the magnitude which 
it exceeds a little. The die length of a conductor 5, i.e., the die 
length of a current path, was set to 2 micrometers. Then, the 
information on each eel was reproduced and the number of each of the 
normal eel in which recording information is held certainly, and the 
defect eel in which recording information has disappeared was 
investigated. 

[0055] A result is shown in a table 1. The error rate was defined as a 
rate of a defect eel to the whole number of eels. When magnitude of the 
field generated from the write-in line current was set to 5 (Oe), the 
error rate became 1% and became 0% above 10 (Oe). Moreover, the error 
rate became 50 or 90% respectively, and informational maintenance was 
difficult at 2 (Oe) and 4 (Oe). giving redundancy by addition of an 
error correction function as memory, if an error rate is about several% 
of level — an error rate — 0% — ** -- it is possible to carry out and 
to carry out record playback at accuracy. From the above result, a 
write-in current field is understood that more than at least 5 (Oe) is 
required, and more than 10 (Oe) is desirably good. 

[0056] <BR> [a table 1] 

0- 



Next, in order to investigate the upper limit of the die length of a 
current path, the invention-in-this-application person changed the die 
length of a current path, produced the memory cell of the same 



configuration as previous explanation, and he conducted the record 
playback experiment. It produced the 100 die length of a current path at 
a time respectively as 0. 5, 1. 0 and 2. 0, and 3. 0 or 4. 0 micrometers. 
Record of "0" or "1" was performed to these memory cells, and the 
magnitude of the field generated from the current passed on a write-in 
line set coercive force of 10 (Oe) and a memory layer to 8 (Oe). A 
result is shown in a table 2. It became in 1. 0 micrometers, and when the 
die length of writing was set to 2 micrometers, the error rate became 2%, 
and it became 0% by 0. 5 micrometers 1%. Since it incorrect-recorded on 
the eel which adjoins since the long current path was established in the 
direction of thickness, it is presumed that the error rate worsened. 
From the above result, at least 2 micrometers or less are required for 
the die length of a write-in line, and it is desirably understood that 
0. 5 micrometers or less are [ 1. 0 micrometers or less ] still more 
desirably good. 
[0057] 
[A table 2] 




[0058] 

[Effect of the Invention] Since a degree of integration is not only 
raised, but according to this invention it can make a 1-bit cell size 
small and sufficient field for record can be generated by setting the 
die length of the current path which records information by the field to 
generate to 0.05 micrometers or more and 2 micrometers or less using the 
1st and 2nd magnetic layer of closed magnetic circuit structure as 
explained above, it is stabilized, and information can be recorded, it 
is stabilized and information can be saved. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the 1st operation 

gestalt of the magnetic-thin-film memory of this invention. 

[Drawing 2] It is drawing showing an example in the case of constituting 



memory using the magnetic-thin-film memory of drawing 1 . 
[Drawing 3] It is drawing showing a cylinder-like current path typically. 
[Drawing 4] It is drawing showing the die length of a current path for 
the relation between the radius in the current path of drawing 3 , and a 
field as a parameter. 

[Drawing 5] It is drawing showing the die length of a current path and 
the relation of the maximum generating field to the current path of 

drawing 3 . 

[Drawing 6] It is drawing showing the 2nd operation gestalt of this 
invention. 

[Drawing 7] It is drawing showing the 3rd operation gestalt of this 
invention. 

[Drawing 8] It is drawing showing the magnetic-thin-film memory device 
using the giant magneto-resistance of the conventional example. 

[Drawing 9] It is drawing for explaining record actuation of the 
magnetic-thin-film memory device of drawing 8 . 

[Drawing 10] It is drawing for explaining playback actuation of the 
magnetic-thin-film memory device of drawing 8 . 

[Drawing 11] It is the sectional view showing the 4th operation gestalt 
of the magnetic-thin-film memory device of this invention. 
[Drawing 12] It is the sectional view showing the 5th operation gestalt 
of the magnetic-thin-film memory device of this invention. 
[Description of Notations] 

1 1st Magnetic Layer 

2 2nd Magnetic Layer 

3 Non-magnetic Layer 

4 Good Conductor 

5 Conductor 

6 Insulator 
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mmm 1 1 mmmi&a)f^ i oimmt. smm i 

Syiemi, m2a)SS141©M®tc5*LSii:&lR]lcl 

?^!Sttl i: « ® i: liS>RfffliJ<D®a)'>S < i: t-:^ 
(c. |3fBSIl, m20!)mit)ict:U^91$(OSi^m9# 
ii«JKfi2U B5SBS1. S2©5Stt)a. ^HiSttlBtlfBU 

f SSf^JS HCfBK©5att»ffiiP«t 'JIS?. 

in^-m 3 ] MSBm 1.^2 omms mmmm 

©MEOBS^'CNgPfcliElcS* LB**lRllci|fiiSiS«^ L 
T«5f Bm 1.^2 (DBSttl J; y t.3ll*©Sl^a3ittt*& 

m^mf^L. SL':>m^(o±^:^^mBBm2(om\tm<Dm 
ctica^j. B5iBS2©Bsi4i(Dja<b©i^**iBSifa 
'J m^i'oismitn uBE^i^iciBSitsicts ut±i^* 

m 1 ossifJiaDittf biSSSai^J: U < V i>}tBm 2 (D 
itsmt^ztitJaV. B3SBSi©Batt«lc*©5afbO 

tcjsu7isa«f3S-r s c i*iit^i:-r5ifasBS 

[ii5R3S 5 ] F^TOSiiom 1 <D?Sttl t > Ml3m 1 

©uttji J: y kmi^umti^^t?>mm^mm(Df^2<o 

s 2 (om^mii&m u t l < ti^&a y icg^a^w l> 
luSBEi, ^2©iKttM(om:&iRKDffiS*^jglcJ:o 

BBS-r«*^-7»oT. 

BuiBpt =E y l!l?®IBIffllc« LSmSlPllcKglf atcjS U 

f ^luism 2 (DSSttJiOSSKbigSSSW J: y '^^l^l^^ 
!!j«liafe-rsJ:-5lca^-r5Ci:tcJ:y. luBBIl2<DKtt 

i:t-«1f?fifBgi»S£o 



[«?R«61 mmmy^OfS 1 ©SSttS,!:. tufBM 1 
©JKttlJ: y t,Et^«ii8^^^ -rsP^fiSK^J^O^ 2 © 

fisisjit^^Nattss^LTai LTfigy . luiBm 1 , 
m 2 <om.^it&m y t> l < y (c$^a%« tx 
luiBm 1 , m 2 (ommsiomtmoimMt^o 

T. SS5fimfil**-r-5S8tt»IBi:><*yiSTlcSt>T 
MiBM 2 cD5SttS0BS^k©lRl^ icij; liTiB^Jtlfdf $8 

BulBlS14»li/ ^ y S?©liffit::5>f LSBSlRltclSS^ 

«ti^LT. BuiBmi©iiai4i©m5m^©:&iRHca5K. 
rmmt u c ©ttftiTSOi B!iatt»Kp< ^ y m^osst 

{lOJ^-r^ciilcfcy. lBg1fi3^S^-r^ir<l:51t 

©saitij: y tHi^«5a:^^wr « F45Si^*g5i<7)m 2 © 
msm t^mmm^i^ uxai ltbs y > bSibh 1 , 
m 2 <om^mii&^ y l < it^^ *jicmm^^ u 

BuiBS 1 , S 2 ©Sattl05S<b;&lRl<3!)*S*fftglt J: oT 

s«:««Sifii=£»Lv ^i»»!^^«Epl)D^*l*t^«Jlg•p^iMlB 
m 1 a}]ittia){»<b^:ijiBm 2 (9{SttSO<Klb]E)l(TfT<& 

l^TtSIBm 2 (7)1114® ©SS^bcDlRl^lcjSUTSBgSnfc 
LTs MiBSiro?Stt®om«Rlf^©^lRllclBlRl?-a: 

femic. st>-MiBisit»)ip< =E y ^?©}iSiffl«3iy^ 
u cro^rostJn^ibOJS-r^cchtCcfcytBSifais 

m^m 8 ] fsmm&<om 1 (osKiin buibsi 1 
<ommi:v>kM^.-^ti^^t?>mmim(om2(o 

m 2 ©ssitittsm y t L < aeisi y ics^a«» l. 
mssss 1 , m 2 a)asttJi(0«s<b;^iR](offi}i<tAS(z J: ? 
Ts s§«ssiffi^wr5?ii4»ffiip<^yiii?icJii^T 
HifEm 2 <omm(omit(Dm icjs utibs* *i/-cif a 

1 OiStt®roKfb5j5S*-ttTHijf3iKft»IS/^ y*? 

0ffiinifi=&iy^ ;^i,^T-Biji3p< ^ y ^^icss*©®*^ 

e«3il^«$SL. Bui3mi(7)iSttl<7))l<k^J5g?-a:T 

BUS 3sstt»Mp< ^ y m^ots.tfim^m^ ^f e nrcs 
t^^b^cs^t^Tg3®1fa{*s^r « d t ^mmtt^ 

[000 1] 

Tlfa^SBSLx 58Mfil5TSb««fJfflLTIBS1faSS 
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[0002] 

P«l!:i^ilia5©Si^ilf*^^'Ji:LT«l6tiTt^«o C 

!^lc. Sjfilc330^Tl*g:*:^Mlgfii (GMR) 
[0 0 0 31 mfHi. BWfflKM^^f^VO L. 2 

0. P22 (1 996) ic«. msi^mt^oimmm 
ttm (HM) s ^NMttn (NM) . mmm (sm) . 
tmmm (nm) «iiiLT/t'Ji!i?tLfciif*p<t 
U!!)i«a3S^^lTl^5, cc^t^uai^icBs mom^ 
iz^mmi^tfi^^ttitc-b>xm. mm \ ic^ot 

CCD-?- F!iiW(Dm-mi>'-b>XiSS©lg3i{lcj:y«4 

[0 0 0 4] M^wmcm^t^t. 7- F^swtcmss I 
?t=E'jitkm "0" . "1" <DfB»^tT-5o mxii. m9 

( a ) izm^ 5 tC7- K«SWtCiE<0l3S««*&-r 5 
i:. 1219 (b) 0j:-?lc6lRl*OJi»«5§4U 
ttlSHMlc '1" «BBS-r«z:i:««7*«o «fc^ 09 

(c) 05J:5lC7-Ki|iin::fl®m'3S«#tif&-r5i:s Bl 
9 (d) 0D<l:a(c£|^$O1iK^$$l£U ]SMflS1£iSIH 
MIC "0" €f3S-r5Ci:*i<T'*3o 

[0 0 0 5] 1f«=£SI*ait-ii^ti. 7-K«SW 

=ir(ot^it^[:mmmtiz^v "i" , "o" wp*^ 
ij^w^ipjsij-rso Mftwici*^ mo (a) icmtj^ 

5M<DmitMm^ 0 (b) ®filRl#©1^^6^60 1 
0 (c) OSl«3*©tt!lllc^bU P<=E'J«li '1" © 

m"T ©if^tt. 010 (d) ©J:-5l5:*#t^ffiinffl 
*^6111 0 (e) ©J:^(c/Jx?l^ffiJnfiHJ:^^b-r5o 

IE^^©i!??Stt^SM©5S<b«ffilc«It>6-rx ?5!K?Stt 
BiHMlcfBS#*l/l:1f«©flg*ajLfl«Rl^i:Sy. 



[0006] 

*©»IS^^a[S[/t'J^!:^i^.^T^*» tfy ^•fe;^©S««'J^ 
!ti«}S«T'*S < S y . IBSftj^f S«SttJi©5mb*lRl«« 

^©/£:i6. t-y t-tr;l/^»liffl{bf5lct*|!gS6^Syv if 

[0 0 0 7] *%0^li. ±iBi!fJl5©P.ga;^J::Si*s iltt 
^©jgKW©iJff*^<L. cfcyiS«a<bAi«Rr(ig«:J814 

^*a^ii<tt-r « ii <!: * a w i: -r 5o 

[0008] 

«jt©m 1 ©ssttstx luism i ©tsttJiJ: y 
si^%«-r %p^«ssi«^©m 2 ©ssi£M 

^LTaiLTfigy, 1913^1. m2©5Kttltt&Isiy 

t, L < tteia y m^m^^ u SuiBm i , ig 2 ©sstt 

«58ttff t y o iilBI1 1 , H 2 ©Hit 

mommizi^Lmmijmzmmmu ^±t^m^ 

JcJ:oTlfi3*fBS|-r5ffi-5!lK©S*^0. OSjimJ-X 

[0 0 0 9] *^0^©awt*v ii«JSi©istt»K^^ 

y^?lc1f«i^iBaS-r%:^-»T-Ss)T. &e>iS'Cib. HU 
EBStt^lS/ ^ y ^?©MElcW LS«:&ip|(c±iR] t $ 
fcttTlR]^lcBa^#t!^L, Moa3f{©:*:$?^MiBm 
2 ©5a[1tS©5S<bSSMS<t: y t:^* t>Jil?A^^*t 5 

jcaieia^-rsciiciy^ BuiBS2©58tts©HS{b© 

lS**IB«1fffll!:Mt>6-mS©*lRllC^«). 3»:t^'??it 
IBSKIi^lig/ y |jl?©igliE(t^ LSit«lRl(c|B$Stf il 

©*#* «Mi3m 1 ©sses©5a{bsg5S^ J: y t:*:* 
<. BuiBm2©^sttl©mseil^J:yt.'J^^tw 
3b^58i-r5 J: ^ icmmr^ ctizji^^j. suiBm i ©ssi* 

[0 0 10] *^0^©awtt^ HJSK^ii©mi ©5S14 
i<i:> tuiBm 1 ©Ktt^<t y t.iii,«^^w-r?)PJiK 

K«3g©S 2 ©ISttS i ^IfiSttS?^ LTai LTfiK 

y. 1515^1, m2©)SttittsiH]yt.L<tt^iayic 
g!ga%=tu MiBmi. ^2©fiai4^©m*iRi©ts 

3stftglt<feoT. Sfi:«fi*ifil««-r5flStt»ffi:J<^y 
iR?lt1fa«IBg-r5*^T'iBoT. i3f3P<ty^?© 
HEtc^t LSa:&lRllCt3^?BlCfSS;i:T±lRl*$fcttT 
lRi*lc«3S:&fleSSL. S.oS-3if©:*:t*«M!B^2©Ji 
ttl©5a<bSeiiS J: y t.:*:^ l^BS#««5l4-r S J: ^ K 

m.^t^<itizj;:i). mss.m2(om&siz^(omit(o\Pi 
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[0011] :^^f^(ommi. mmmmots i omit 
y . tut 3^ 1 . s 2 ©ssttstt&isi y t L < tt^&ia y 

§gtt«^L. MIBSI. m2OBSttJi0S{b*lRl©*i 

R^tcfclNTIulB® 2 0?K1iS<7)5M<b©lR]^ lets UTIB 

mi©j®tti©5s<k5m^o:&iRiica}^T«]mL. c 

[0 0 12] 3^^^(9S6^tts r^«S%«S^(0%1 (D«&tt 

mt. mif^ 1 oDSsitJi J: y <tst^«flSA«^-r^^fls 

K«®flDS20fiaittJi<!:«#HiBlttJi«^LTSl LT^ 

y s Bufsm 1 . m 2 ommiim y t. u < tttig y ic 

S^tt«*U SSffi^l, S205attl05BKb*l^3®ffi 

l^««Tt*HulBS 1 a35Sttl<7)5afbiMS3m2®581*Ji 
p< ^ y «?tc:iiO>THU6Bm 2 <OIlttl(05S^broipl#ltJ5 

1311 1 omftmomt^m^mmmiPi^^rcmc. 
(ommit^m^t^ c t ic j: y ^mm^n^n c 

[0 0 13] 2|s:%^0!}ga«ltt. »ffi[%«ig(0mi(D1K1£ 

y . MI 3m 1,^2 (omitm m y t, l < «tisi y it 
sia^^u luiBmi, m2a)iiSttJi<Dis<b*iRKDffl 

^?^C^5L^T MIBm 2 (D5gttl<DSS^b©(Rl^ ICIIJ; UTIB 
tlftlf S^S^r 5*>£T$ o BUIBS 2 05214 

^b=&Sg* ^7:t5IBlS1t-^)iy =E y «?(D}i}5xffi^;l^ 
Ls ;^(H,^T-|u!3^=E y ^?li:J5J*<DSfre«3iE««i|& 
flulBS 1 ©iKttaoiS<b^se#-ti-Tt5f3JStt»ffi 

^^y^?(Dgtaii«-ay^u wetx/hfiSi^bics^ 

[00 14] 

Tgi®^#fi§LTpiiB]icijiR§-r5o m^^mmm(om1t 
ucfct^Tv ittnttKcDmiwjHtt®. 2ttRatt© 



m2©5SttST'»5o mi, m2©«S1fJil, 2©F4l:: 
ttfil. 2. ^fSBHtlBT'l If7 h-b;K3D/^y3!l?fi« 

«fie;rtl7l^^. mi, ig2(DSKitJii, 2»£isiy<& 
L<tt*i5iytcs^«i**L^ *oss^b«natt<7)fgtt 

CDffittjil, 2lCjJW;5m*lR!€-/T^LTt''«o fSiv ffi 

[0 0 1 5] ^/c. :$immmmi!u. mi, m 201^14 
jii, 2oiia<b*iR)*'«iD*[p)<Di:$ttmi, m2©iistt 
® 1 , 2 F^rofifiiisftL^ffiSifii^^ L, mi, m 2 

<b:)&lRlA^S«;&lR!©i:^ti^t^igjnji^/Tx-ro 

icmi ©salts 1 o5a<b*iRiicj:oTy* yi!i?©ffiJ3t 
liAiss^sor. ctisfijfflLTHSfbifa^Bt^aj-rc: 
i:*«7^5o sfcs "0", "1" ossfbifattmi. 
m 2 ofisttfi 1 , 2 (ossf b;^iR]<D£[i] y L < tt^isi y 
KStnsTTHtTiBS-rSo ip-Bx mi, m2©asttjii, 

2©KiBt::*fLTfi»7&iRi (0i©t:&i^) lc±iS*$ 
cfc y m 1 oiittH 1 1. L < »m 2 ©sgitji 2 oasfb^ 

SS*-d:Tff5o 1flB©l3aJSlfBafe?&StCOlNTl*i¥ 

L<^as-r§o *iisii?K!KT-«s mi, t^iomm 

1, 2*W»;^jg<!:^-pTt^5057\ jgfiSSro^aP? 
T^^o tJf-:>Tx 1 e-y K7)-fe/l/flii«''M<T?^x 

[0 0 16] ia2ttH1©^=Ey3ll?=&fflt^T«ISlC->< 

fel,^Tv «fs mi, m2058ffiB1. 2atf*BS14JS 
3 6^6%5p<^ y |g?tt*»f*««±lclEi(iffl<0 h 7 V 

v'X'? iridic LTSttStlTt^^o c:roi|i^l<*S««s 

m«p^¥Wi*siS!b^6%y. v-x. ku-tv^ise 

^in^^ii^^*<t^:•pTl^^o Signal imWim 
Vv-'X^omWV-XSffi^^ Se I e c ttt^-'-hSS 

VDDttttj:ilET-$y> VDD©fii1t5tB^1flS 
(c/SCT«3y}ft^-5C:<!:lcd:y. j/t y*^^(Dtt3iE©|pl 

^=&^^TfflSfbifffi© "1" , "0" mmt^o i^'E 

mm\-t£ti. miia^b©8sit»isi/tyiLTii«{b? 

[0 0 1 7] czT, ifa^fBsrs 
Ji-&. mi ©JSttJi 1 ©sa{b«fis*-e:56\ ^^2<m 

tt® 2 ©Jffifb^Sg* -SSftHc J: o ^ y 'T 

7*i«2oicij6^*iTt^5„ s-r. mKo^t-rm 
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'J® (mioBSttMD ^ ?N«aiiJi3. tfvji (mz© 

[0 0 18] mzo^-i'T'a. ^mm (MKosstts 
1) ^ ?MS3. }i=Evs (.miom^mi) tt^ 
mmi:'^^. cw*. m i ©Kii/i i ^i^** umcffl 
s^^t^i■rsfi:4i)^^:se^•t^«s^aiii^ m2<D5Stti2^ 

mi<DSSi£Jiiuist^^:b%^u m20:>iitt 
1 2 »^ 1 <m&m 1 J: >J <&iSt^^A$«-r% zi ^^e^ 

[0 019] :;^msm<mimWk3^=E')mi-\ii. 

Ko^fys m2©^-i'7o^-rn®«^t.s ^fe^a!-r 

14. '>^<<!:t5 (Oe) J.X±<DJS#=&?iSf 5C<»:#« 
S*L<> SIC||$L<«10 (Oe) J.X±05SI^*U 

[0 0 2 0] i^^Mlf*T/Kx■?fflt^6*l5iB«s*^^4o5 

XxVi||OlSW«a^{SStt2 0mA/Mm2 T'«5, $ 
SLl^tt3S«1mASSJ-XT7-$5o ESttsu 

5I^J8#H h LTl^So t ttx 

0. OK 0. 03. 0. 05. 0. K 0. 2. 0. 

3/Lim<!:LT0'>5o 

[0 0 2 1 ] $fc. H5tt?im©«* t iS^KSH 
max tODffi^^g'vLTl^So 04. lil53b^6W6*^SJ: 
•5lt§Bfittjg^gfi:5 (Oe) J.X±©5K»S»Sfc4&l<: 
tt. ®SESS©«* t {t'ptsi < t, 0 . 0 5 fi miX±©iS 



t fi«g< e:SBfiB«lcfiJfflRrtg«:m-3m©¥SR 

flS»5 (Oe) *fgS*-a:«fc46lci4. m'3S»©fi*t 
tiO. 0 5Ajm©S*3S«!2iSr«U. »SL<ttO. 1 
MmJ.X±. Ml::»$L<ttO. 1 5iumJ.X±. MtCff^ 
L<t40. 2pmJ.X±6Ut\ Sft. t 

jb^sa'*^ y 7-^: < . 02 ay^mwmmtn lt^ ^ u 

/ci6. 13a!^a)g?t«2pmJ.XT. Sf^L<tt1/jm 
J-XT. MlC»$L<aO. 5fjmJ.XT*^J:L\ ilf^T. 
01C!)p<t'JJS?<DS3i{K0«?tiLT{4. 0. 0 5 
MmJ;(±. 2jumJj(Ti:rSO/j«<feO\ 
[ 0 0 2 2 ] 0 6 tt*58RBOll 2 <D*«iJg|g*/T^-r 

0 1 <o%mmz'\tt^ 1 (7)saH$i i . mm 
3. S20SS1tS2■piBSll$oa^lt»«^gfi8LTl^« 
fi<. *ll«ifg^gT•^*M^cfii»#4SS^tTl^-5. ip-s. 
mi, m205Stt®i, 2oKii^ii<T?f^i^ii^. 

mW 4^iSlt5Ci:tcJ:oT lifK ©ft * «5t«-r 5 
t<DT$5« a»ft4i:LTttll1, ^20521411, 
2j:y%»S?5COlSt^t0^fflU\ lil6©^^'J^?lc 

m^. iitmm^noo mii-^ameiZTnti^oizm 

1 ©KItJi 1 <35ffiHO-5-6?TOttH 3<^)5g-r^Si:«J5 

«f j©ESt/m 2 05Sif 1 2 ro^^Ktti 3 (om^mt 
ttfiSffffiijoiBtciaitTt. J: < . t L < ^iu^■rn6^-:&o 

[ 0 0 2 3 ] El 7 »4:||^(9m 3 C[)ll«0^Sg%/^-r 07 
igi#6lcat>tlTt^T. SI, m2a)SStt®1, 2j;y 

t>\ mmw 6 (Dii**wt^<!:3ps# 5 t^m^Mt<DS& 
mtim\.^i5t'^^\,\ *iisfif^8iT-«. iB^PticKtt^ic 

[0 0 2 4] 3!?tE. m&mfRji^Etjm^f-itm^n&mt 

T;»«t'J10SS<b:&iRi«-3t^U "o" i "i" ©1fSI 
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[0 0 2 5] mmz^mmEmt^m'^ii. 153$©^ a 

13. tfV® (m2®lS14®2) J i:. m2CD^'r^ 
{S2<Dffittl2) J ■^-iE^3^-SA^M^:o7l^5„ Si 

©^'rycDi^iST-tt. mm'^<D±i^-$^i^ym (m2 
SI) ic^-rosa^bois^ictsuT "o" . "r ©its 

" 0 " . " 1 " (^)1f ffi=&SB0i-r 5 C <!: 6^7^ 5, 

[0 0 2 6] ;Mt, ?iatt»is^<^uoiB®ifiB«s^-r 

11 > l«13> m2<Diai412ro)li. tL<ttm2 

(Dm'm 2 . 3 , m 1 oisei i wniicsas^ 
m2©58tti2©m*iRi««i^*iRi©Ji^(4. mi. m 

2O5B[ftlF50a5fiifilB'Jx*<v 5*f3&lRlOJg^ttaSi 

tt-^^«*gLT. iii«icigfii;fii<DSi^5^ttJ-r«o 

[0 0 2 7] Sfcs M^^ajL^^tts ;»<^'jmT^0mi 

a)^'f7i:ll2<D^'r7rS^Ti^5„ ^-f. mio)^ 
mi, m2 

CDKttMl, 2P^(Dffij5xfii^Jl^-r5o CKDJi^ti. ^ 
20HSttl 2a5K^kttlll^*tlTt^«OT\ m 1 Offitt 

1 1 \z.imiEtitcmti5mzn]^i.xm i , M2<Dfisii 

11. 2F^0ffijS<l«'^bU ^■0fi©ifflltJ:oTfBg 

[0 0 2 8] m2©^f-<:^<DJi^ttv 30©gS3^ 
tiiL:&S6'f$«o St'. lottyt'jil^cilffitcStL 

sa:&iR)(cna^^mu miM cmiosstti) ^ig 

g*-y:TiKib^-S*lR!lC}|)X.T»b-r«. :^t^T\ 



ttSI. 2H<!D«gi11«3!l^t-«o CO^^tt, «iajl 
0«58**</Jx*<. *05Sfbfi«7>^fA»ci3[RlLTl.>5 

[0 0 2 9] t^lOB. SI". «346lCp<^«Jlg^^O!)S 

©S^b6^SS6^*l^6^T\ ^ t U lE?-©5a<b1f ?B^«iai 

«ttili:^^'Jia)5Sfb:^iRHiv gi466ti/i:ll«lcS5 
J:dlcia^-rs« fiiJ^«'1tajl<»:j><tyitt5iMM*SS 

f^fflT\ w-'fimfimt'^^^t.tf^iioK\^T. mist>\,t 
•iisrsffijjxfiittv ¥^7^is<b«lg©fi^i^fil<h■rSo en 

\t. «iJ^L(*7.t^> h V*^l/la^^:fct^T?f^S141<DKII« 
1 0A~2 0AS)goi8iJ|[i:r5c:tl!:«t:ySB8?n 

[0 0 3 0] m^Oi 1 -PB. 'JI!e?1£-*O*I«06^ 
6IBiBH:*tUSit*lRllca3i|««»&U Si. S 2 ©58 
ttii. 2Fa©«jii^b«SB3^sx5o p<=E'jig? 

lc5fe©;?l^i:»5J*?^lR)(tS5JS^««&L. mi, m20 

^t^^i;i (m 2058141) 3(j«5SL*l.^J:5lc-r« 

[003 1] *»Sgm«l7-B. Ma©ct:3lcS^Btlc« 
aft*JiE{cJ*LTfi«lc3S-rCPP (Current Perpendi 
cular to the film Plane)-MR (Magneto-Res istanc 
e) SSbSs tL<ttlBB5l::¥fft!:^ai€3S-rc I P (Cur 
rent In-Plane to the film Plane) -MRSSS^ffll^ 
Tt^«o ±JS-P. 58ttl®!iafb3^lpl«Si6Syt«) 

r^rcisb\zm-wmt. mu 06ic^>t-p<^yis?T 

[0 0 3 2] $fcv El7lC5^r^^'JS?©«^T1iv 
K<b*lR)=&^4&5B-»*««ft 5 tcaff L. ffiinffl^H^ 

f ««j^«m 1 osstti 1 tm 2 (Diiei 2 f^ic-js-To 
UT^n^tiiai i> Ell 2\z7nto SI i«m40* 

2 (o^zm^m^miTmmw 5 izm^^mo 
m^03mm^mMr?>m^it. m 1 ©sasi 1 <D±m 

lCStt6*lfc»S#A^6*«®ffi6 1 . 6 3ts ^2® 

58141 2 (DTmizwLif^titcmmi^ff^riiwme 2 1 

6 4©P^tcS-3K«3i{-ro Cfttt. CPP«ai©«^T'S 

y. mKE-rsxevh>*/i/ixi^>»sa.©s^'f 

[0 0 3 3] 01 2©«l^«. m5OllBi015«©pt^y 
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If Bi¥ 1 1-353867 



ititmme 1 twsesit^mmto zm^a. c 

[0 0 3 4] ;^!tc. m\^.mm?i'EfJm^<om^. m2<o 

fiE^Bx :**s:!iaaasi (mr) &me>^ ■?■ 

<7)ffij5xfit« 1 k CliH±tmn,m^±^ < f « C 1 3B«T' 
^asf S J: 5 ic;;^ fc:°> I- v^-yuttti. iig14^«ikRW)f 
tf^^SSttHOIlIf « 0.05m mJ^±l::JK r 5 C tff 

[0 0 3 5] mi ©aSltSv M2<D5aH4SBs N i . F 
e. Co©'>!S:<i:t.-S«±figiJi:LTffll^56\ C 
o F e«±^»i:-r57't;U77'X^&t 
««M«Ll\ mtfs N i Fe. N i FeCOv Fe. 
FeCo. Co. CoFeBSif©JMttll!l3b^6«:So 

[0036] (Ml ©?®ft)i©W*4) M 1 ©SSffiitt. 
m2<D?Ktt®«J:yt.fit^«5S:^S«-r5. COfci&x SI 
iroiSttlicB, N i*^t.-$!i:KttS*'«M^U<. m 

I Fe. N i F eCo^i.m^tLTm 
^,^50A^MtH,^ S/h. FeCoTFe«afi£<D^t^« 
en. CoFeBSt"0«K:^a)fil,>7^/U7 7;^ffitt 

[0 0 3 7] N i F e C o (0/I?ffifi£J±B. N i x F e 
yCoztLfcJi^. xtt4 0Jj(±9 5WT. yttOJ-X 
±4 0J5tT. zttOJ5U:5 0Jj(T. ff«L<«xtt5 0 
JjU:9 0JXTs ytt0JX±3 0«iT. zB0JJU:4 0JK 
T. StJ:»*L<ttxtt6 0JX±8 5WT. yttl OW 
±2 5JXT. zttOJja3 0J5(T!S«gl\ 

[0 0 3 8] $fc. FeCo©ll?Sl^tt. FexCo 
100-x t Ltcm-^s X 5 0 J.X± 1 0 0 J-XT. » $ L < 
ttxtt6 0J.X±9 OJ-XTjS'SCV t/c. CoFeB©ll 
^mmit. (Cox Fe 100-x ) 100-y By tLfcfll 
xtt8 6JX±9 3JXT. ytil 0JX±2 5JXT)b'«S 



[0039] (m 2 ©BSttS®***^) M 2 ©Ktt® tt. 

si(3!)BSttiJ:yt.n,>'R5ayD*#-rso «iji:UT. m 

l^. N i X F e y C o z B. -l-n^tllS^fflfiEitT'v x 
ttOW±4 0JXTs ytt0JX±5 0JXT. ztt2 0JX± 
9 5JXTx »*L<ttxB0iX±3 0JXT. ytt5JX± 
4 0JXT. ztt4 0JX±9 0JXT> &cSfSL<ttxtt 
5JX±2 0JXT. yBI 0JX±3 0JXTs ztt5 0JX± 
8 5 JXT6^Sl\ F e X C o ioo-x B^ m'^-mmtf^: 
xliOJX±5 0JXT««ai\ «fcv m20?KttHlC«5a 

tKomm. B^ttoiRi±*if©iWTPt^o^iiP7c3!i 

[0 0 4 0] XI:f>h>:?.;UM«fi£®li^. Ml, ^2 
<D5Stt® 1 , 2 F^(7)?^6Sttl 3 1 LT»0^«&igl^ffl 

m 1 ssttJi 1 ft^sm 2 mum 2 'ns?© h >*;u]Sft)!>« 

Jil, 2<Dlifk*l:«tCJ:oThV:?^/Hi6^6'«^<kU ^ 
y\ m 1 «S1tS 1 i:m2SS1tS2©!iS^k7&lRl!bWlRl© 

li^Bm 1,^2 (DsaitH 1 , 2 iH®fiSi!!j«/J^* < . m 
1 m&m 1 <!:m2iKiiJS2©HS{b*iRi««s3«teiRKDJg^ 

[0041] ±|^*XfcfVtTlRl*^tfV©«aiffiJg® 

£ffl^««{#6n:5097. £ 1 ffiHtJi 1 2 SKttA 2 » 
xtf v^^«i$©iS^,^SB[14*^ii!4«ffl^^SC lis 
«f*Wlc«. SUlttS1tm2S8ttS2tt. 7i;l/5 
®lcj3l:^S±TXtfV©1SffiM*^:*:*0^F e^S^L. 
Co^m2fig^JiLTS^-rSo J;yft1*Wl::tts f 

e, Co, N\^^mi^tLtcmf^emmLTmi^?> 

llti3m^Ll\ »$L<ttx Fe, Co, FeCo, 
N i F e, N i F e C omt'^B.l\ mmtit. F e, 
Co, Ni72Fe28- Ni5iFe49, Ni42Fe58, N 
i25Fe75. Nig F egi^ftWStlSo MlC. Ml 
5814SlB«lK*^'>?<f5fci6tC. N i Fe. N i 
FeCo. Fe^*UyM$L<. $fcs ^2581412 

imm^^i^^ < r sfci&jEx c o ^±&iitt^^n 
[0042] mmm^ ^ u i m&m i 

StfS25aitH2©ffilJ5tt. 1 0 0 k^mX. 5 0 0 0 
AJ.XT7«5Ci:fi«ll$LL\ CtlB. muc. *fflS14 
Ji3i;:SHbtiSfflt^5ii^. BKb»©^ST'5Sttg©#f 
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?>(DT\ 50 00AJ.XT!f)'«MSL<. J:yMSL<tt1 
0 0 0 AJ.XT6^at\ 

[0 0 4 3] ;^?ic. ?«l3©«i|s^^col,^TiJ^w-r5 
^NEStti 3 1 LT^m'&^m^mfi^tzmtminr 

5<?Ji: LTli. A I K<0-gP5S««TS!!<k*-&TA I 

2 03 s^miii.t^mtmf'in^. $mi±m3imm 

#!b^6%y^ i?$L<ti^ mitT)\/~-':fhA I Ox , 
g^b7';U=-'^AA I Nx , mitiy'J^yS i Ox . S 
fk->iJzi>S i Nx T$^©*^MSLL\ ^/c. N i O 

1 5 tctt. s 1 <3D?atti 1 tf^ 2 ©isita 2 cDe»s? 

c:i:!B5«aiST»5!B«^ N i Ox ^^mi^ttHSi^ii. 

[0 0 4 4] ^tc. 4¥mm3<omtLTit. aio 

ASg<DlS|-SST-£oT> ^-OSIiigP^^cD^^ttSA 
J.X±3 0AJ.XTT2B5c:<5:!b^MSH,\ fip-6> 5A*^ 

m 1 ©sstti 1 2 (DUttJi 2 mm 

tC->a-hLTL$aprtgtt*^S«6^6T-«y. 3 OA 

MIC. SSL<tt4AJ.X±2 5AJ.XT*^J:<> cfc 
y MS L < 6 A J.X± 1 8 A J-XTAU l<\ 
[0 0 4 5] ^MC. XtfvmM^fiJcroii^tt. Xtf> 

3i:LTS»f*6^6S5^)iJl«fflt^5©3!)i«J:l'^ CO 
^0/c46> miOSSttSl i:m205BittJi20li4b 



[0 0 4 6] XlfVft^miifllfiKOli^OS 1 
S K S 2 osSttJi 2 . iMiSttJi 3 ^^:oL^Til^R|•r «. 

$-r. m 1 ossitJi 1 \m 2 cDHStts 2 i««;u-:r« 

miOISttJilttN i, Fe, Co«iB£»tL 
Tffll^§6\ Co, Fe«-S€»i:-r57^/U77'X^ 
^i:LTfflt^^c:^:*':atLt\ 15lJjl«\ N i Fe, N 
iFeCo, FeCo, C o F e BSiiOSSttHftW 
etlSo Sfts Co84Fe9 By . Co72Fe8 B20^ 
OiiSfili^JtOC o F e B§©7^;U77X8«4ftSfflt^ 

[ 0 0 4 7 ] m 2 ©iKtt® 2 imzmitismu^t^ 

fc46<D^tt®7-Sy> "0", "1" ©IfStCfSDTJi 
^bOlRl^ 2 OBSttS 2 1 OSSttl 

S^lc{S<btt«««ST#5i::t««jE>STS«o S20 

«att/i2i:LT«v Fe. C o^ifig^tf^KltSS 
mtfs Fe, FeCo. C ollOSSffiSi««fflt^ 
5tl5, «fc. P tllO^JPTclR^linS.T't.at^ Co 

ic F e ^mut^ tumtni'h-^ <riO. p t ^»-r 
^tum.tnt±i^<^ji^(oi:\ m2wKttS2^m«" 

Coioo-x-y Fex P ty tLTiz^m^S.y.'&Hfy^M 

lis LT«ss^*SfJ^ai-r 5 c fe* 5. i <dss 
14S 1 (D«5S:^ t F e , c o wSifigibatf P t momi 

[0 0 4 8] m 1 omm i (ommmmo^m^m^ 
msth^m^^ < fg^-r ^ j: 3 icsst * ;i i t'^m 

T»5o CPP-MR7B. :^lf>©lRl*««#LT«) 

m 1 (omm i oisiJiiti^m^co^J^g 

'>35:<i:t,2 0 0AJJtTTSSCi:!B«M 
SU\ MlC»«U<tt1 5 0AJJ(TjB«St\ Lft^U 

j^'J^U $fcm=&«J$T-?&<S5(D-(?v 2 0AJJLh 

[0 0 4 9] fS2(Dmm20mm'^f^^(om^m■\co 

OAlXTX'Si^Zittmi£Ll\ MIC»$L<«1 5 0 
AJ.XTif)^ai\ L6^U &^Vmt€^t?i=EV^^ 

a«L<. MlCtt8 0AJJU:]t»«S$LL\ 
[0 0 5 0] ?Hai4Ji3ttS»f*6^6Sy. »SL<tt 

/U^^-t|lfi[««ifi<s ffi«14t.J:t^fc46. mt^^Rii^mt) 

OlcSIP^T'SSo Sfc. ?fBS14S3©llimi5AiX± 
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6 0 AiXTf-ss cttm^ Li\ ^tc. m 1 ©salts 
1 tmmm s ©Fa, t l < t*^ 2 ©sstts 2 t^fssit 
1 3 ©pa. t L < tts 1 ©Kiti 1 tmrnm 3 ©pas 
0=11 2 amm 2 t^HStt® 3 ©Fate c o ^±mt.r 

g^,^s/Nib««^t6^^«fc46SSLt^„ c:©Ji^©Co 
*±fig»t ■rSSWJi^'tt 2 0 AJ-XTiW^ L < . S/c 
a^^^»*-a:5/i:46lCti 5 AJ.X±6W$ LC\ $fc. 

s/N^i^±*-a:5fci6ic. m 1 ©istts 1 /5fKtts 

3 /m 2 ©JSttS 2 /INlStt® 3 ^ 1 0©a - h .k L 

Isllfctt 4 0 iffiJiiTv L < tt 3 ~ 2 0 «iglS(ClS 

frt*©!bUt\ 

[0 0 5 1 ] m 1 . ^2aymm i , 2©^^©$j«p 

1*. «y Jltf . C o F e S^nf 5 t^K^B'Jx* < s 

y , p t «^iip-r 5 1 «5a:btt** < * s©-p, ffiiK.fcf 

Coioo-x-y Fex P ty. i:LT7cl^fi£xStfy%9B 

Jt«iS< C i: ic J: oT'fcSlii^^iSii* C 
5©T\ SiJ©«iiS^©$'JIS!*j£i: LT^ffi|Bt©S«SS 
«illiILTt<fct\ C©:&>Si:HgaLfc3S5Stt»fS©«i 

[0 0 5 2] S3b\ *5eB^«s HI, 06, 117©*ifi)6 

©salts 2 i^-^m^^ Lzm 2 ©nif s 2 ©?s{fc/£iis 

LTtxfctV 53fiSattSi:©3SJft«g^lcJ:oTv M2© 

5SittS2©«sa*=&**<-r«ci:Ai«Rr«EtS5o c© 
ig^. m 1 ©5S14S 1 1 ^ 2 ©salts 2\zm 
L^5c^:t.Rrtg^»^©•p, «sa^D«**<-r5fe»tc 

«7V«>F e M n, Kib=]/\*/U h C o OfiE^m^-'^ 



[0 0 5 3] ;A:tc. tuatrojiUx U^^'v©!!®© 
IB^tt, IBSlffl3iJtcJ:yp<t';S©BS<bSg$a# (SiS 

^) ii^)-k^^^mn^m.i!E^x'<io. Hot. %m\.t 
(imtmmt. ,/*'Js©«sBi^Dic«c§r5o hskTs * 

ic. -sss^^iros&spttyssjtopttuiS^st^L 

[0 0 5 4] l217lC,Txr:>«t U«?©«fi8Ts «S0. 
1 2Mm©3lffift5<!:v WIO. 14^"!, ^1-SO. 3 
OMm©N i F e^BltbS/A I O x/C o p<t iJlA^S 
^5/^i;-b;U5v p<t'JS©«5S^*2, 4. 5. 1 

0. 12 (Oe) i:LT§>!7l OOii^Of^SiLfco Z. 
tl6©P<^'J-fe;UC "0" t.L<tt "1" ©IBSi5^7■3 

tt, ;<^'JS©«sa:^D^cB^^IILl^*\ •¥>-^±lH]5:*:t 
*tL/i:o »Si*5©«*. Ip-6S3SK©«*ti2Mm 

iL^co i:©m. #-b/u©isffl«s^LT. ^mm 

1. N5:i:aHz/U©^a«SI'<f=. 

[0 0 5 5] 1 tc/T^-r, i!iy*»^©-t:yu» 
iC)tsfr5^a-b;u©sij^i:LT^iiLyco 

3i{)t»^S5IS-r5SSW©:*:*?«s 5 (Oe) tcfStBI 
*)mt^%^zn.^), 10 (oe) J.x±r(*o%iu§o 

fc„ $fi:> 2 (Oe) . 4 (Oe) m*)mt^^ 
5 0. 9 0%lC^»A 1f|g©«f#ttfflil7S^fc„ 
m\t. li{%eS©U'^;l'T$ti«\ ;><^';<!:LTKyU 

iE«isg©i'^j!iDT-7i:mit*j#/c-a:5j: tic^ ^y$^ 

0 %i: i: LTiESSlcSBSS^r 5 C <!:*^Rl«gT-«5= 

±©«siij:ys »*a3^ffi-3ifsafftt'>s<tt5 (o 

e) J5(±)B«jg>g-Px a«L<ai 0 (Oe) JJ(±!!j«at^ 
[0056] 

[«1] 



*P^^#tt«a!K©m*©±|ig«iS'^5/-c«>lc 
5t©IK^i:P«©^m©^t'J-tr;U^. maS©^?^ 
^TtTf^L. SBgS4IIK«ffofco ll3ttSS©S* 
\t. 0. 5x 1. Ov 2. 0, 3. Ov 4. O/LimtL 

TS-sn ooii-ifof^Lfco c*i6©p«tu-b>wc 
'0" '6.L<tt '1" ©IBSg^?Tt\ S#ii*«8tE3Sf 

m3ii!b^6fgft-r«Baii©**7rtti o (oe) . /^y 
s©«sa^«8 (Oe) tLtc mmnntm. m 
$iia^©MTr«2 jumic-rsi:^y^«2%itsy. 



1 . 0 p mT-tt 1 %v 0 . 5 ju mT-li 0 %lcS -3 fco ^ 

y $fi«M< Scfe©li. lil¥:&iRilcgt^«3iilS^|gitfu 

J^±©!gm J: y X »#a*iSI©ft?». 'i^S < <!: t, 2 p 
mJj(T!!j«!2ST% M« L < B 1 . Of/ mJXT. 
L<ttO. 5MmJ^^Tfi'St^^:^:fi^b6^5o 

[0057] 

[g2] 
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2. 0 


98 
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3. 0 


50 


50 


50 


4. 0 


0 


100 


100 



[0058] 

ct: oTlf S^lBgi-r ^ 0 . 0 5 p mti 
±. 2pmJ.XTi:-rsc:i:tcJ:y^ 1 h^-bibfl^ 
'JN* < T««jg^igi6 6 tl* W*> y 7-^ < . IBS© 

[0 2 ] El 1 ®!Ktt»18^ t >; «ffl^.^TP< € >J SSSfigf 

[03] nmko)wm^mmizm-mT&^. 

[04] 03(Ol3!fK{cfcft5i|iSi5S#<O^^:&S3if 

[05] m3<DW.mt^m^mi<Dmi^i:Wi±m^ 

[06] :2^%^C!}m2(DllSE;gftg%/7x-r0T'£^. 
[01] [02] 



[07] *S§^S(OS3(DllSlifl5«*,Xx-r0T»5, 

[0 8 ] '^mm ^^mm^&tjmm^mi^tcjmmmyi 
[09] m8com\kmm>^'E>jm^mmw}mmmt 
[0 1 0 ] 0 8 ©fisttsu^ € m^om±wimmm 

•r^/£:46CO0f-$5o 
[011] *^B^<7)5Stt»liP<t'Ji!5?Om40||JS}g 

[012] :*:%q|09flS1£fiiep( >J ftk^OfS 5 <7)llffi}1^ 

SfrS07$%o 
[^J^roSMW] 

1 ^^^<omm 

2 mioimm 

3 $mitm 

4 
5 

6 



[03] [05] 




w o.a 0.4 0.5 

t(uiiO 




[04] 



[06] [07] 



[08] 
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